Introduction
Equipment disturbances and errors have become more serious as a consequence of the growth of the electronic circuit complexity. According to new technical legislation and also economic consequences, the electromagnetic compatibility (EMC) concept of all products must be strictly observed (Montrose & Nakauchi, 2004) . It must start with the specification of the equipment performance and end with the equipment installation procedures. The importance of the electromagnetic compatibility (EMC) of all electrical products has grown rapidly during the last decade. The environment is increasingly polluted with electromagnetic energy. The interference output into the surroundings is doubled every three years, and covers a large frequency range.
EMC couplings
The EMC concept is defined as competence of functional coexistence of electrical and also biological devices or systems at the same time and in such a way that even though they are located in the common electromagnetic environs, there is no relevant influencing factor of their normal functionality (Vaculíková & Vaculík, 1998) . Devices can but don't need to have the mutual dependence. On the one hand the systems must be robust against the other systems influences, but on the other hand they must not affect adversely the normal functionality of other devices (Fig. 1) . On one side, interferences are deliberately or involuntarily produced. The place of their origin is called interference source. On the other side, devices can be hindered in their function by such interferences. Those objects are called interference objects. Each system utilized in practice is exposed to disturbing effects generated by the various sources such as, for example, power switches, contactor tapes, relays, arc furnaces, high frequency heating, commutator motors, and power semiconductor converters, etc, see Fig. 2 
where M is the coefficient of the mutual inductance. 
For the practical use, it is more advantageous to express the induced voltage in the form of a differentials:
If we know the geometrical dimensions of the investigated loops ( Fig. 5 ) and want to determine their mutual inductive coupling then we can use the next equation (8) For a global solution of the inductive coupling part of the EMC problem, inside the overall electric power system, it is necessary to analyze the circuit globally focusing on mutual intercircuit inductance coupling. The result is the following integral-differential system of equations:
For this purpose it is very suitable to explore the existing simulation programs such as for example the PSPICE program utilized worldwide. In the next part, we will try to determine the effect of the one-quadrant impulse converter on the sensing circuit as shown There is a small difference only between the simulated and measured curves of the transistor voltage u CE . The overvoltage generated at the transistor switching off reaches the value of 150 V for the simulated result. However, the corresponding overvoltage has only the value of 130 V for the measured result. Peaks of the simulated and measured induced voltages have the same values of U i1 = -2.2 V, U i2 = 5.02 V, U i1 = 2.1 V. This means that such method is acceptable for inductive coupling investigation of the EMC problem.
Capacitive coupling
The capacitive coupling is typical for galvanically separated circuit nodes among which the mutual influence is represented by electric field strength E . Its distribution is given by the
potential at the particular nodes, geometry of the system and dielectric properties of materials and media involved (Fig. 9) .
Fig. 9. Capacitive coupling
For the predictive investigation of the capacitive couplings we will start from the wellknown Maxwell equation modified for electrostatic field
The vector of electric field strength generated by the first electrode at any external point 0 r is 1 10 11 3 0 10
where S 1 is electrode surface and σ 1 is its surface density calculated by ratio σ 1 = Q 1 /S 1 . The total vector E at point 0 r of the system is then given as the sum of vectors 1 E and 2 E induced by both charged surfaces. 
Often the engineers must determine the mutual parasitic capacitance of two wires of general geometry, as is shown in Fig. 10 . In such cases the analytical expression for the resultant capacitance is either very complicated or does not exist at all and the only way how to find its value is to use an appropriate numerical procedure. But its application often requires introduction of suitable simplifying assumptions. Consider an arrangement of two massive conductors with homogeneous charges Q and -Q. Both conductors are of cylindrical shape whose radii are R 1 and R 2 , respectively, while their lengths are l 1 and l 2 . Let us divide them into thin slices whose thicknesses are in turn Δ l 1i , i = 1, m and Δ l 2j j = 1, n , so that 11 
However for correct calculation we have to take only such members of i series for which is valid fact that its vectors 1i E and ij x d are collinear, so only such which fulfill the condition 
Analogously, it is possible to obtain the potential of the first conductor. The verification of correctness of the obtained results can be carried out by simulation and measurements. For this purpose, it is possible to use the connection of a DC impulse converter shown in Fig. 11 . This coincidence leads to the conclusion that the derived analytical formula for parasitic capacitance is correct. The presented analysis indicates that not only the high current switching frequencies have the main influence on the EMC of the converter, but also their switch-off state with small parasitic resonant load current is equally important. Although such converter capacitances seem to be negligible, the above analysis shows that they may be of crucial influence. One case occurs when the switching frequency is high, another when the node belongs to the circuit with high impedance. This is obvious for the capacitive coupling between CMOS integrated circuits and power converter circuit, when the EMC aspects can be vital for correct operation of the equipment (Clayton, 1992) .
Galvanic coupling
The problem of galvanic coupling deals with individual electric equipment or their part's interconnections in such a way, that minimum one or (in some cases as for example feeding net) more common conductors, interconnecting these equipments and so mutual influence is generated.
The working frequencies and the length of common conductor must be taken always into account. In all cases of the galvanic coupling, the fact that electrical components are not ideal and so they are containing certain parasitic capacitances, inductances and real resistances, is valid. Due to higher working frequency of currents flowed by the common conductors, they must be taken as circuits with distributed parameters, during the process of predictive result galvanic coupling investigation. If the working frequencies will be lower, then the interconnecting circuits can be taken as circuits with concentrated parameters.
Fig. 14. Measured voltages a) u CE and u GEN ; b) u CE and u C for frequency f = 10 kHz; c) u CE and u GEN ; d) u CE and u C for frequency f = 50 kHz
Solution for the low frequencies and concentrated parameters
Minimum two or more electric circuits, which are mutually galvanically interconnected by one common conductor with its length l, represent a type of galvanic coupling. Due to low frequency operation it is possible to define the common conductor electrical parameters by concentrated parameters of its resistance R and inductance L. If we suppose in the next step, that the conductor will be made of copper, so the voltage drop on its resistance R will be much smaller in comparison with the voltage drop across its inductance L, which is caused by the time depending change of current. So, for the simplified analysis of the problem the conductor resistance will be neglected in the following. The schematic representation of the described problem is shown in the following figure Fig. 15 . The mathematical description of the situation in the investigated circuit ( Fig. 15. a) is then given by the next system of integral-differential equations (if the load created by serial connection of R 1 , L 1 and C 1 components is supposed):
where n is the number of all different loops, contained in the same common conductor. In the case of great number of loops, the analytic investigation of galvanic coupling influence on individual electric circuits is relatively complicated, so it is possible to utilize the available computer numerical simulation programs. The multiple interconnection of electrical or electronics circuits realized by two common conductors is typical especially for one phase or DC feeding conductors, as it is shown in figure Fig. 15 . b. Due to existence of both the incoming conductor inductances L, the total circuit inductance is double. The mutual galvanic coupling is generated at the moment of the optional loop's impedance change. The impedance can be changed up, or down. This situation is typical for the impulse converter circuits, but it is clear that such case occurs also in all other circuits, which use the switching parts. The interconnection of many electrical or electronic circuits, by several common conductors, is typical for three phase feeding net, as it is shown in figure Fig. 15 . c. In case, where four conductors will do those circuits interconnections and also if one of them is a neutral wire, the problem will be the same as the problem of three individual circuits, connected together by only one common conductor. This problem was already described. The circuit can be described by system of equations expressed by a complex vector as: 
(
In the following step, we will try to obtain imagination about the galvanic coupling existence of only two interacting circuits. For the simplification of the analytic investigation it is suitable to suppose, that pure resistors create the loads in both the galvanic connected circuits and that the circuits are in steady states and they are supplied from DC voltage sources as it is shown in figure Fig. 16 
Analogically it is possible to state the voltage peak of u 2 at the moment of the second circuit switch on. 
The courses of the input voltages u 1 and u 1´, the load voltages u 2 and u 2´ and the voltage u L are introduced in figure Fig. 17 . All data were obtained by computer circuit simulation in the PSPICE program for given circuit parameters. The coincidence of the results obtained analytically as equations derived in the previous parts and by computer numerical simulation is evident, at the first sight. Let the derived results verification be done by simulation and practical measuring of the power semiconductor converter circuit connected according to the scheme shown in figure  Fig. 16b 
Solution for the higher frequencies and distributed parameters
The mutual interconnection of electric circuits by two common conductors with the length l (the length is long or the transferred signal has high frequency) represents the investigation problem of a line with distributed parameters (in the following "long transmission line" or "long line" only). The basic representation of such electric circuit interconnection is drawn in figure Fig. 19 . 
the resulting solution of the given equation system, expressed by complex voltage and current vectors, will be given as: 
In the field of power electronics a non-harmonic unipolar or bipolar signal is utilized many times for indirect converters. To enable a given problem's mathematical analysis, the nonharmonic signal must be described by the system of harmonic functions. The expression of the investigated voltage dependence will be done by calculated coefficients of Fourier's series and by the next equation.
where: 
The electric circuits interconnection realized by one common conductor with the distributed parameters, is a special case, where more electric circuits are utilizing one common conductor, which is either long or serves for high frequency signal conduction.
The problem analysis will be done for the case of two electric circuits interconnection, the scheme of which is shown in figure Fig. 20 . Let the upper circuit be supplied by a DC The analytical form for the voltages u 1´ and u 2´ the description can be obtained, from the previous analysis, as equations for input and output voltages of long transmission line. By the substitution of these voltages, the searched relation for time dependence of the voltage u 2 is possible to receive. Any accessible Excel program will do the graphical interpretation of the resulting solution again, figures Fig. 21 . Equally, as in the previous case a multiple verification of correctness can be done by the PSPICE program simulation (Fig. 22) and by practical measurement (Fig. 23) . The coincidence of the obtained results is evident. Small differences concerning the input and output voltage oscillation damping are given by the fact, that for the input and output voltages the infinite Fourier's series were replaced by only the first 40 components in the Excel program. Very often a symmetrical three-phase load is connected to the inverter impulse output, with the frequency of few tenths of kHz, by the cable with the length within the range 3 up to 20m during the practical use of power semiconductor converters. This case represents the interconnection of two circuits, by a long line with the distributed parameters in the three phases connection.
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If the calculated relations for the input voltages are substituted by the derived equation (37), which describes the temporal dependence of the voltage at the end of the long line and only the imaginary part of the complex solution will be taken into account, because only this part corresponds to the sinusoidal input voltage, thus we can obtain the relations (46) up to (48). (2 1) ) .sin( (2 1) ) . . (2 1) .sin( (2 1) ) .
.sin((2 1) )) During the calculation process, the load impedance value recalculation from star to triangle could not be forgotten, because the temporal curves of interline voltages are searched. The Excel program utilized for the first 40 components of Fourier's series will again do the graphical representation of the obtained results. The respective curves are drawn in Fig. 25 . The following figure (Fig. 26) shows the sum of all three inputs and output interlines voltages. From the courses, it is evident, that during such a choice of feeding signal shape, the nonharmonic supply system, containing the expressive amount of 3 rd harmonic voltage and its multiples, is generated. In the case of four-conductor circuit interconnection, the loop current, flowing via a neutral wire, is created by the resulting potential of the source node, which is in contradiction to the standard requirements.
Electromagnetic coupling
The electromagnetic coupling is typical for galvanically separated electrical circuits, between which the exchange of the electromagnetic energy exists in the form of the radiated and absorbed power.
www.intechopen.com Let the mutual influence of two separated circuits be investigated. We come out from the first two Maxwell's equations in general form, defined by the vector potential. Let it is suppose, that the energy exchange is done through the air.
The potential ϕ and magnetic vector potential A investigation is leading to the solution of the partial-differential equations of the second order. The volume density of the environ charge is defined by ρ and the current density of conductor surface by J . figure Fig. 31 . On the basis of the obtained coefficients let the Excel program do the verification synthesis of transistor current course. The result is introduced in Fig. 32 . By comparing courses one can state that due to considering only first nine members of Fourier series the peak transistor current generated by the commutation charge of diode was neglected and also the certain undulation was infiltrated. But otherwise its shape is identical with the real measured current course. By substituting the individual harmonic amplitudes and phases to the Fourier series one can obtain the analytical form of investigated non-harmonic currents. By their application in the equations (60) and (64) 
where S is the surface of impacted loop which represents the impacted electrical circuit. 
Resulting induced voltage, calculated as the superposition of its magnetic and electric compounds, does not provide satisfactory graphical representation in analytical form. The numerical method of searching time depending solution and the graphical presentation are more advantageous in this case because the computer programs currently available, for example, the Excel program, allow its application very easily. On the basis of the previous equation calculations, which were done for two periods of basic harmonics, one can obtain the graphical interpretation of resulting induced voltage inside the impacted loop, which is shown in the Fig. 33 . Generally it is possible to say that there exists a relatively great coincidence between the simulated and measured results. Thus the correctness of derived equations is confirmed as well as the fact that if higher number of Fourier series components are used the better coincidence of both type results will be obtained. It means that during the electromagnetic coupling investigation, as one part of general EMC investigation, it is necessary to reconsider the compromise between the number of Fourier series components and the required calculation precision. The above-mentioned simulated and measured results are sufficiently identical with the theoretical results and so they confirm the correctness of derived equations. Such a way they can be used for predictive stating of EMC quality of individual new electrotechnical products (Williams, 2001 ).
Based on the performed analysis also we can find out that the intensity of electromagnetic coupling is directly proportional to the amount and the time change slope of circuit current, which is radiating the electromagnetic energy. In the same way electromagnetic coupling intensity depends on the length of this circuit. It is also directly proportional to the surface and the length values of disturbed circuit. It is indirectly proportional to the distance between the interference source and the disturbed circuits, to the reflection coefficient and to the permeability and permittivity values of space between the both circuits.
Conclusion
The performed analysis enables constructers to improve the EMC parameters of the newly constructed devices not only by expensive testing measurements, but also in advance, by the theoretical analysis and simulation. They can state its supposed and required properties by a predictive method based upon the results introduced in this chapter (Kováčová et al., 2006 
